Since the report of Collis and Llewellyn (1924) the incidence of beat knee and elbow per 1,000 underground workers has increased more than tenfold. It is evident that the ineffectiveness of preventive measures which they noted has not been overcome. In 1949, 9 ,900 cases of beat knee and 1,500 of beat elbow were certified. Some of the increase since 1922 may be due to slight changes in defining the disorders and greater readiness to seek attention. However, a substantial part appears real and attributable to both the more frequent working of narrow seams and the increased use of mining methods which involve more kneeling. Despite their importance as the second most common of all the prescribed industrial diseases, little work on these disorders has been published. The problem has recently been discussed by Watkins (1951) , who emphasized the importance of early treatment in view of the failure of current preventive measures.
In contrast to the more general survey of Collis and Llewellyn the present work attempts to identify the factors responsible for beat conditions by a detailed study, lasting a year, of men employed in a single low seam where a high incidence of the disorders was expected. Much of the investigation was bacteriological, for previously the traumatic element in pathogenesis had received more attention, to the especial neglect of the study of individual predisposition. The importance of this predisposition will be shown below and evidence submitted that it depends upon susceptibility to staphylococcal infection, particularly of hair follicles.
Working Environment A newly opened seam of thin section, which was to be manned by workers unaccustomed to such conditions, was selected for this study.
The few men who had ever worked in low seams had not done so in the previous 12 months. There were approximately 215 men employed for more than a month at the coal face of whom 75% volunteered for observation. Most of the men were observed from the time production began. The district chosen had two double-unit conveyor faces in a seam varying from 2 ft. to 4 ft. in thickness except for occasional stretches with more height. Continual kneeling at work was necessary throughout the period of observation, except that in one section standing was possible during the third quarter of the survey.
In all faces the seam was constantly intersected by a band of " brass " (iron pyrites) but the coal itself was comparatively clean. Ash content averaged 26%, and volatile 21%. Although microscopically no excess of fusein was evident, mineral particles other than coal were conspicuous. The coal fragmented on handling into very hard pieces with noticeably sharp angles. This textural quality of the coal, together with the admixture of " brass ", meant that the men had to kneel on highly abrasive material. The floor itself was of moderately hard fireclay with soft patches, and had an -irregular surface. In the first half of the survey water was constantly on the floor in one of the four faces.
Ventilation rates were 2,300-4,000 cu. ft./min. during the first eight months. Corresponding values for air velocities and temperatures are not available, but working conditions appeared comfortable. In the latter four months an air bridge permitted ventilation rates of 6,000 to 12,000 cu.ft./min., and temperatures were 68°F. dry bulb and 64s65°F. wet bulb (relative humidity 80-85%).
It was difficult to observe the men since they could be seen only outside working hours. There was no pithead bath at which the men could be seen with clean skins, but fortunately they cooperated well.
Special arrangements were made for the initial interview, many men being seen in their homes after bathing to permit of an assessment of their skin condition. At this interview histories were taken of previous staphylococcal infection, beat disorders, and of previous working conditions. The men were assigned, according to their type of skin, to one of the four groups described below. Swabs were taken from nose, throat, and skin, and any abnormality of knees or elbows was noted. Skin swabs were taken from the front of the knees.
During the subsequent 12 months each man was examined as far as possible at monthly intervals, and questioned about the-condition of his knees or elbows, the use of special protective measures, such as knee pads or spirit applications, and alterations in working conditions. Swabs were taken from carrier sites (nose, throat, and skin). Any beat lesion, cut or septic skin lesion found on examination was swabbed, some beat lesions also being needled for culture. Special visits were made to men with " beats" who were absent from work and repeated when disability was prolonged. The survey began in June, 1950. In the following October and November, by which time almost all the workers had been recruited for the' new district, the' serum levels of staphylococcal a-antitoxin of the majority of the men were estimated. The attendance and accident records of face-workers were noted and the seam was visited in most months to note its height, condition of the floor, temperatures, ventilation, and other working conditions.
Although the survey was intended only for observation of the men at risk and intervention was avoided if possible, medical advice, especially for a developing lesion, could hardly have been refused if the confidence and cooperation of the men were to be retained. As the survey proceeded, men reported trouble earlier, and simple treatment, sometimes with temporary transfer to work off the knees, undoubtedly aborted or ameliorated many cases of beat disorder. More suitable employment was found for one of the men who was especially prone to beat disorders.
Bacteriological Methods All swabs were inoculated directly on to 2 5% sheep blood agar. After 24 hours' incubation at 37°C. in air with 20% CO2 haemolytic colonies of staphylococci were picked and examined for the production ofcoagulase and a-toxin. Only strains producing both factors were considered pathogenic. The techniques used and the criteria of pathogenicity adopted have been described and discussed fully elsewhere (Marks, 1952) . Several beat lesions were not swabbed either because there was antiseptic ointment on the skin or because the patients could not be seen until the lesions had subsided. Nasal swabs were taken from one nares only. Skin swabs were moistened and rubbed over approximately 10 sq. cm. of the skin of one knee; the unaffected one was also tested when a beat knee was present. Carriage over the knee was thought to be more relevant to the investigation than at the other sites usually tested. On most occasions swabs had to be stored overnight at room temperature before culture. Streptococcus pyogenes was sometimes isolated from infected cuts but not from any beat condition in this survey.
The serum levels of staphylococcal o-antitoxin were estimated in 117 men. Titrations were conducted at the Lh/10 level with intervals of 20%, using rabbit red cells.
All strains of pathogenic staphylococci isolated during the survey were stored until its end. The occupational groups most affected by beat conditions, with their complements of men, were colliers (124), cuttermen (12), prop-drawers (10), conveyor-turners (6), and officials (13). During the survey period 41 men in these groups suffered from beat disorders, 597 days being lost by benefit cases alone (28 attacks in 22 men). In the same time they lost 1,821 days through injury. Other occupational groups contributed only five beat cases, including three benefit patients who lost 47 days' work. Loss of output due to absences of less than four days and the lowered efficiency of the many men who continued to work despite beat disorder was no doubt considerable. In addition, experience of the disorder is one of the factors prompting men to leave the mining industry.
Effect of Hardening.-It is widely believed that after a period of the work on the knees susceptibility to beat disorder diminishes. Variation in many factors during the year's study prevents a clear-cut answer to this question. A high incidence of beat disorder was certainly observed during the first two months that the men worked in the low seam. This appeared to be due to especially susceptible men rapidly falling victims; if the 13 men suffering more than one attack during the survey are excluded, the incidence of beat disorder varied little with length of exposure.
In 25 men absent a month or more for reasons other than beat disorder, there was a lower incidence than average in the three months foilowing their return to work. No case of beat disorder occurred in the six weeks following a two weeks' strike after the end of the survey. It appears, therefore, that the apparent lowering of risk with time is due to the elimination of men especially susceptible to staphylococcal infection, by transfer, invaliding, or the acquisition of immunity in the bacteriological sense. Periods of rest from kneeling, rather than increasing risk, appeared to be beneficial.
Occupation. Serum Levels of Staphylococcal a-Antitoxin.-The serum ac-antitoxin levels of 117 men were estimated, mostly after one or two months' clinical observation. The relationship of the findings to other factors studied is complex but may be summarized as follows. Men with high oc-antitoxin levels (10 unit or more per ml.) had a very high incidence of beat disorders and staphylococcal infection in the period of the survey and the two years preceding it and carried pathogenic staphylococci more frequently than the remainder; most were aged 30 or less. It was concluded that high antitoxin levels were due to recent staphylococcal infections, indicating a previous lack of resistance. There was some evidence that men with high antitoxin levels following recent infection continued to be especially susceptible to staphylococcal infections.
Beat disorder in men with -low and medium serum a-antitoxin levels (< 10 units per ml.) was often associated with heavy carriage of pathogenic staphylococci. In contrast this association was not evident in men with high antitoxin levels. The significance of these observations is uncertain, but they may indicate that the effect of carriage in men with high antitoxin levels is overshadowed by other factors predisposing to infection.
Staphylococcal Phage-typing.-In 15 men (10 beat cases and five with boils or septi,c injuries) pathogenic staphylococci were first isolated from carrier sites and subsequently from lesions. In 11 of these 15 men (six beat and five other cases) the phagetype of the infecting strain and of that previously carried was identical (10 cases), or both were untypable (one case). In a further 19 men (eight beat and 11 other cases) carriage was absent or not sought before the lesion appeared but was present concurrently or subsequently. In 14 of these (seven beat and seven other cases) the infecting and carrier strains belonged to the same phage-type (nine cases), or were both untypable (five cases).
From these results it appears that beat disorder and staphylococcal skin infections are usually due to strains of staphylococci previously harboured. As noted by Williams and Miles (1949) , a proportion ot the discrepancies in phage-type may have resulted from sampling a flora containing more than one type. Some persistent carriers yielded staphylococci of the same phage-type throughout the 12-month survey period.
Previous History and Susceptibility to Beat
Disorders Men with histories of previous beat conditions or recent staphylococcal infection suffered a high incidence of beat disorder during the survey period. Recent infection was defined as that occurring in the two years preceding the survey; more remote staphylococcal infection was not of prognostic value. The only infections of note encountered were boils and severe widespread folliculitis. In Table 4 the proportion of beat cases with such histories is shown to be twice that observed in matched controls, or in unaffected men in general. During the survey period beat disorders affected 11 of 19 men who had recently suffered from staphylococcal infection and 13 of 24 who had contracted a beat condition at any time previously.
Incidence of Beat Disorders at Different Ages The effect of age on the incidence of beat disorders was not great; it is most clearly seen in a single occupational group. Thus, 13 of 39 colliers aged 20 or less developed a beat condition, compared with 12 of 52 colliers over 20 years of age. Factors predisposing to beat disorders were not distributed evenly amongst different age-groups. In the younger men many of the beat cases had greasy skins or a history of recent staphylococcal infection. These factors were less common in older beat cases, which, however, often had a history of a previous beat condition: The association of a heavy carriage of pathogenic staphylococci with beat conditions was prominent at all ages. Summarized Analysis of Predisposing Factors In Table 5 the incidence of chief predisposing factors is compared in beat cases and unaffected men. Thirty-nine beat cases, but only 19 of the matched controls, possessed one or more predisposing factors, a difference which is highly significant statistically (X2 = 16 8, P < 0 01). The difference is also significant when men with two or more factors are considered; 17 such men were found amongst the beat cases but only two amongst the matched controls. five beat cases, four of which had predisposing factors, multiple in two cases.
The mean number of shifts worked in the district by beat cases before lesions appeared is of some interest when correlated with predisposing factors. Groups (1) and (2) are not mutually exclusive. Work records were not available for five men.
Discussion
Since most attacks of beat knee or elbow are demonstrably staphylococcal infections, it is apparent that factors other than trauma are also concerned in their pathogenesis. These factors and the problems they present are common to both beat disorders and staphylococcal skin infections. Most staphylococcal infections of a single follicle quickly heal if the follicle and the surrounding skin are protected against friction and immobilized. In contrast, an infected follicle exposed to pressure, friction, and movement heals slowly or may give rise to cellulitis or a boil, probably owing to the severance of the tissue barrier which normally can confine such an infection. It is widely believed that cuts and abrasions afford entrance to the organisms causing beat cellulitis, but although many such injuries were observed during the survey, none developed into a beat disorder.
In acute bursitis there is usually either a history of a severe injury to the bursa or an extension to it of infection from an adjacent cellulitis. The causes of chronic bursitis are less obvious. Collis and Llewellyn (1924) Supervision of men at risk, and especially of those adjudged susceptible, in order to detect and treat infection while it is still confined to the neighbourhood of the follicle, offers perhaps the most practical approach to the problem. An important therapeutic measure in most cases is temporary transfer to work off the knees.
The carrier rates for pathogenic staphylococci found in this survey were slightly lower than those recorded by other workers. This is partly due to our stricter criteria of pathogenicity and to avoidance of enrichment methods of culture which, by revealing very scanty staphylococci, might have masked an association of heavier carriage with beat disorders. Higher rates of skin carriage might have been obtained if sites other than the knee had been tested but they would have been less relevant to this investigation. Summary Beat disorders and the factors causing them have been studied for a year in men working in conditions particularly hazardous in this respect.
Fifty-three attacks of beat knee and beat elbow arose from the extension of an obvious staphylococcal infection of a hair follicle into the adjacent subcutaneous tissue. There were seven attacks of apparently primary (acute) bursitis, one clearly the result of a severe injury. In some of the remaining six, the bursitis had been preceded by a local follicular infection.
In no attack of beat disorder observed in this series did a cut or abrasion appear to afford entry to the infecting organism.
Most beat conditions occurred in men who could be recognized as especially prone to staphylococcal infection. Of the 46 men who developed beat disorders while under observation, 39 had recently suffered from a staphylococcal infection, had previously had beat disorders, possessed a greasy skin, or were heavy carriers of pathogenic staphylococci.
The remaining seven men suffered only mild attacks.
The complete exclusion of such susceptible men from work in narrow seams may seldom be practicable, but their recognition should assist the application of other preventive measures.
Phage-typing has shown that the strains of staphylococci responsible for infection are usually the same as those previously harboured at carrier sites.
